Titania Coated Mica via Chemical Vapour Deposition, Post N-doped by Liquid Ammonia Treatment  by Powell, Michael J. & Parkin, Ivan P.
 Physics Procedia  46 ( 2013 )  111 – 117 
1875-3892 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of Organizing Committee of EUROCVD 19.
doi: 10.1016/j.phpro.2013.07.052 
Nineteenth European Conference on Chemical Vapor Deposition, (EUROCVD 19) 
Titania coated mica via chemical vapour deposition, post N-
doped by liquid ammonia treatment. 
Michael J. Powella, Ivan P. Parkina * 
Department of Chemistry,  
University College London,  
20 Gordon Street,  
London,  
WC1H 0AJ 
Abstract 
TiO2 films were successfully grown on synthetic mica powders via Chemical Vapor Deposition (CVD). The CVD rig is a 
cold-walled design that allows surface coverage of a powder to be successfully achieved. The TiO2 was produced by the 
reaction between TiCl4 and Ethyl Acetate. The powder produced could be successfully N-doped using post liquid 
ammonia treatment. The TiO2 powder produced could have potential applications in self-cleaning surfaces or 
antimicrobial paints. 
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1. Introduction 
TiO2 is a semi-conductor that has been widely researched due to its photocatalytic properties; this has led to 
applications including self-cleaning glass,(Mills and LeHunte, 1997, Manning et al., 2002, Mills et al., 2003) 
water purification,(Pan et al., 2010) anti-fogging surfaces(Parkin and Palgrave, 2005) and antimicrobial 
surfaces.(Dunnill et al., 2009b, Dunnill et al., 2009a, Dunnill and Parkin, 2011, Page, 2009) Amongst these 
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applications, the ability to kill microbes is of keen interest. By being able to have any surface have an active 
anti-microbial property hospital infections could be reduced. This requires the ability to produce TiO2 in both 
film and powder form. The advantage of TiO2 is that it is biologically and chemically inert, mechanically 
robust, cheap and abundant. The disadvantage of undoped TiO2 is that due to its band-gap, of 3.0 eV and 3.2 
eV for rutile and anatase respectively, it is only possible to use UV wavelengths of light. In order to make 
TiO2 an effective visible light photocatalyst, and increase the potential applications, it is necessary to reduce 
the band-gap. This has been achieved by anion doping using nitrogen,(Irie et al., 2003, Jang et al., 2006, 
Jagadale et al., 2008) fluorine,(Xu et al., 2008) sulfur(Hamal and Klabunde, 2007, Umebayashi et al., 2003) 
and carbon.(Chen et al., 2007, Hamal and Klabunde, 2007) In this extended abstract is outlined a method to 
produce TiO2 coated silica flake/mica and a post treatment method via liquid ammonia to successfully 
nitrogen dope the TiO2 to enable the production of a visible light photocatalyst. As well as being able to 
perform photocatalysis, TiO2 also shows photoinduced superhydrophilicity.(Rampaul et al., 2003, Dunnill et 
al., 2011) Superhydrophilic surfaces are important in self-cleaning applications as the primary mechanism for 
removing dirt and microbes from a surface is the action of water. When water comes in contact with a 
superhydrophilic surface it forms a thin layer that flows easily across the surface, this layer washes away any 
organic matter that has collected.  
 
2. Experimental 
TiCl4 and Ethyl Acetate were purchased from Aldrich UK, synthetic mica powders were purchased from 
ECKART Effect pigments. All chemicals were used as purchased. Samples of silica flake and synthetic mica 
were coated with TiO2 via the reaction between TiCl4 and Ethyl Acetate using Atmospheric Pressure 
Chemical Vapor Deposition (APCVD),  
 
 
Figure 1. A uniform layer of synthetic mica was spread onto a glass substrate, a second glass top-plate was 
placed 0.8 cm above the substrate. The heated precursors and nitrogen gas were passes between these two 
layers. The temperature of the reactor chamber was set to 550 °C. The mixing chamber was set to 150 °C. The 
bubbler containing the TiCl4 was set to 70 °C and had an N2 flow rate of 0.4 l/min. The bubbler containing 
ethyl acetate was set to 40 °C and had an N2 flow of 0.2 l/min. The plain flow N2 was set to 2.0 l/min. 
Deposition times were typically 3 or 4 minutes in duration.  
 
Liquid ammonia was created in situ by passing ammonia gas through a cold flask, immersed in a dry ice / 
ethanol bath. The resulting liquid ammonia was used to soak the TiO2 coated powders, as prepared above, for 
2 hours. The powders were removed from the ammonia, left to stand in air for 30 minutes and heated to 500 
°C, (ramp rate: 10 °C·min-1) for 2 hours before cooling to room temperature inside the furnace.   
 
Characterisation of the powders was achieved by X-ray diffraction (XRD) and X-ray Photoelectron 
Spectroscopy (XPS). XRD was performed using a Bruker-Axs D8 (GADDS) diffractometer, utilizing a large 
2D area detector and a Cu X-ray source, monochromated (KĮ1 and KĮ2) fitted with a Gorbel mirror.  The 
instrumental setup allowed 34° in both ș and Ȧ with a 0.01° resolution and 3-4 mm2 of sample surface 
illuminated at any one time.  Multiple Debye-Scherrer cones were recorded simultaneously by the area 
detector with two sections covering the 65° 2ș range. The Debye-Scherrer cones, once collected were 
integrated along Ȧ to produce standard diffraction patterns of degrees 2ș against intensity. Scan data was 
collected for 900 s periods to give sufficiently resolved peaks for peak matching. XPS was performed using a 
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Thermo monochromated aluminium k-alfa photoelectron spectrometer using monochromatic Al-KĮ radiation.  
Survey spectra were collected at pass energy of 160 eV, whilst narrow scans acquired at a pass energy of 40 
eV. The data was analysed using CasaXPSTM software and calibrated to the C(1s) signal at 284.1 eV, 
attributed to adventitious carbon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Diagram of APCVD reactor. 
3. Results 
Samples of TiO2 coated synthetic mica were prepared by the reaction of TiCl4 and ethyl acetate via 
APCVD. The reactor temperature was set to 550 °C, with a plain flow N2 rate of 2 l/min. The bubbler 
containing TiCl4 was set to 70 °C and an N2 flow rate of 0.4 l/min. The ethyl acetate bubbler was set to 40 °C 
and an N2 flow rate of 0.2 l/min. Deposition times were typically between 3 or 4 minutes. The as prepared 
samples were characterized by XRD, Figure 2, shows a typical XRD pattern for the TiO2 coated mica.  
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Figure 2: XRD data for TiO2 on mica. 
As shown the only TiO2 reflections present are for the rutile form, there are no reflections present that can be 
attributed to the anatase form. The XRD data also shows that there is a preferred orientation, as some of the 
reflections are missing in the XRD data. When the experiment was repeated at 500 °C, the rutile reflections 
were still the only reflections present. This suggests that the thermodynamic product is predominant; this is 
likely due to the slow growth rate of the TiO2. The other reflections present within in the data are due to the 
mica substrate used. The reason for the mica reflections predominating over the TiO2 reflections is due to the 
relative abundance of the mica and TiO2- there is a much larger proportion of mica than TiO2 present within 
the sample.     
 
     XPS was used to determine whether nitrogen was incorporated into the TiO2 and if the nitrogen was 
incorporated in the interstitial or substitutional positions within the lattice, Figure 3, shows the N1s scan for a 
sample N-doped TiO2 coated mica. The signal at 400 eV is attributed to nitrogen occupying the interstitial 
position, Ti-O-N.(Di Valentin et al., 2005) It has been shown in previous studies that the incorporation of 
interstitial nitrogen in to the lattice has beneficial photocatalytic properties at low dopant levels.(Peng et al., 
2008, Diker et al., 2011) There is no apparent signal at 396.9 eV which is the signal attributed to nitrogen in 
the substitutional position, Ti-N.(Lee et al., 2010) This result supports the observations from other research 
groups.(Dunnill et al., 2009b, Kafizas et al., 2010, Ananpattarachai et al., 2009) There was a weak signal at 
~285 eV which is attributed to the C1s peak, this is likely due to surface contamination as neither the 
precursors nor the post treatment contained carbon. There was no apparent chlorine signal in the XPS, 
suggesting that the chlorine present in the titanium precursor is reacted away as either Cl2 gas or HCl gas. The 
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peak at 408 eV in the XPS is attributed to background noise, as the atomic % of nitrogen is around 1-2% the 
noise to signal ratio is high.   
 
 
 
 
 
 
 
 
 
Figure 3: XPS spectrum showing the presence of nitrogen at 400 eV. This is attributed to nitrogen in the 
interstitial position within the lattice. 
4. Future work 
To support the evidence of formation of the rutile phase on the powders, Raman spectroscopy will be used 
and the bands will be matched. Further XRD and Raman spectroscopy experiments will be used to determine 
whether the incorporation of nitrogen affects the lattice structure. UV/Vis spectroscopy will be used to 
determine the absorption of both the N-doped and undoped TiO2 coated mica. From the UV/Vis 
measurements Tauc plots will be calculated to determine the band-gap energy of the material. Scanning 
Electron Microscopy (SEM) will be used to give information on the growth of TiO2 on the mica surface, and 
whether the incorporation of nitrogen affects the surface morphology. These tests will allow the 
characterization of the materials to be completed. 
 
For functional characterization the materials will be tested against the destruction of methylene blue dye. 
This will be done under both UV (Ȝ= 365 nm) and white light conditions. The rate of destruction will be 
monitored by UV/Vis spectroscopy, the plots given from this data will allow the rate of destruction of 
methylene blue to be determined. The samples will be tested against undoped rutile powders and P25 the 
industry standard TiO2 photocatalyst. Methylene blue is a standard test used by many research groups.(Ohno 
et al., 2003, Ohno et al., 2004, Houas et al., 2001). 
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